In several European countries, land use changes can be analysed on the basis of the Franciscan Cadastre. Present land use data is defined on the basis of orthophotos, but the historical data is available only at a parcel level. Therefore, a question arose as to how reliable results about land use changes can be. The main aim of the paper was to analyse land use dynamics with the Franciscan Cadastre and to test the compatibility of detailed and parcel level of modern data. The study was carried out by calculating land use structure and landscape metrics for a part of the Pannonian low-hills area in Slovenia. We have observed that the calculation of the land use type structure mostly provided similar results regardless of the level of detail. On the other hand, the results of landscape metrics analysis were highly affected by the level of detail. The analysis at the parcel level showed that the forest area expanded, and fields and vineyards areas diminished. In general, today's landscape is made of less patches, but they are larger and of more irregular shapes. We can conclude that a comparison of modern data and historical data based on Franciscan Cadastre must include generalisation to a parcel level.
Introduction
The reorganisation of human activities is increasingly transforming the landscape, particularly since industrialisation began in the late 18 th to early 19 th century: growth of large urbanised centres during the industrial period, and deconcentration of population and suburbanisation in the post-industrial period (Kokole, 1969; Carter, 1990) . Throughout the world, built-up areas were expanding (Hall & Hay, 1980; Ravbar, 1995; Bourne, 1996; Rebernik, 2004 ) and the socio-economic changes of the society are reflected in the land use patterns and trends (Lopez et al,. 1988 ; Klink & Moreira 2002; Larson et al., 2001; Wu, 2008) . With varying land use practices, the dynamics of natural (geomorphological) processes is changing as well, impacting especially microclimatic conditions and hydrological processes; e.g., variability of soil temperatures and moisture, runoff, erosion rates, sediment yield etc. (Wolman, 1967; Graf, 1975; Sala & Inbar, 1992; Filoso et al., 2006 ; Mohapatra et al., 2014) .
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There is much evidence of land use change in the landscape (Dupouey et al., 2002) . A comparison of current and past conditions can give us information about the dynamics (changes and trends) of a landscape. Additionally, it can provide an insight into the structure of historical land use, which might have been more ecologically orientated than at present. In general, the deforestation leads to faster water run-off, and vice-versa vegetated areas are capable of retaining a higher amount of water upstream and preventing floods downstream (Graf, 1975; Bystřický et al., 2017) . Analysis of past land use can provide useful insight on how to steer landscape management, e.g., how to direct land use towards more resilient and sustainable form in order to prevent flooding (Doležal et al., 2018) .
Past landscapes can be analysed on the basis of historical land use maps (cadastres, registers) and other maps. In the case of countries (including Slovenia) that were part of the Habsburg Empire and later Austro-Hungarian Empire, there are numerous land use maps of Franciscan Cadastre available. The Franciscan Cadastre was prepared for all of the Slovenian territory between 1818 and 1828 (Drobnik, 2002; Golec, 2010) , and revised between 1869 and 1887 (Seručnik, 2009) . This makes it possible to compare today's land use (available as a digital land use layer) with a situation approximately 150-200 years ago. Such comparison is also possible in other countries with Franciscan Cadastre, e.g., Austria (Lisec & Navratil 2014) . With landscape metrics tools it is also possible to upgrade visual comparison and analyse land use data for a modern and a historical situation and provide quantitative comparison between both states.
Various papers have been published dealing with the present land use and/or land use in 19 th century. Some of them analysed tabular data, some provided visual comparison, and some conducted geospatial analysis (Petek & Urbanc, 2004; Tlapáková et al., 2013; Szturc et al., 2017; Gabrovec & Kumer, 2019) . For spatial analysis, extensive georeferencing and manual digitisation are needed. Present land use data are precisely defined (digitised) on the basis of orthophoto images, but the historical data are available only at a parcel level. Therefore, a question of comparability with modern techniques also arises, e.g.: how comparable are land use structures and how reliable are landscape metrics calculations?
The aim of this paper is two-fold. The first goal is to analyse land use structure and landscape metrics for both contemporary and historical landscape in the Pannonian low-hills area. The case study area is located in Jareninski Potok watershed in Slovenske Gorice, NE Slovenia. Namely, there has not been any similar detailed spatial and landscape metric analysis of land use in this region done yet. Since the greatest ecological problems in a wider area are landslides and flooding, the results of the research can inform us how the landscape changed in the last two centuries, especially from the water retention capabilities point of view.
The second goal is methodologically oriented. Since the historical cadastral land use data are available only at a parcel level and the modern data are available at more precise level (as digitised orthophotos), the research strives to test different spatial levels for analysing land use structure and landscape metrics. In order to compare both land use statuses (in the first half of 19 th century and in the year 2018) appropriately, the contemporary (2018) data were generalised to the parcel level. However, calculations with original contemporary (non-generalised) data were also performed in order to simulate the difference between both ways of calculations and assess the influence of the data preparation on the research results.
Research area
The Slovenske Gorice is a hilly region in northeast Slovenia and a part of the western rim of the Pannonian Basin. The hills are formed in Miocene marl rocks and up to 400 m high, the valleys are flattened in fluvial sediments at about 250 m a.s.l. (Žnidarčič & Mioč, 1987) . The continental climate in the region brings about 900 mm of precipitation per year (Ogrin, 1998) . Despite the gentle slope inclinations, the marl rocks are susceptible to weathering and landslides are common. As an adaptation to natural processes, the infrastructure (e.g., roads, settlements) is focused at the top of the ridges. For agricultural purposes, many of the slopes were traditionally stabilised by building 301/474 cultural terraces for vineyards and orchards (Pipan & Kokalj, 2017) . Valley floors, prone to flooding, were meliorated and are used for fields.
The case study was carried out in the catchment of Jareninski Potok stream situated in the northwest of the Slovenske Gorice ( Figure 1 ). The stream is approximately 9 km long and drains an area of 9.2 km 2 .The catchment is divided into 5 cadastral municipalities: Vajgen, Jareninski Vrh, Jareninski Dol, Polički Vrh and southern part of Šentilj. For the hilly landscape of the Slovenske Gorice, modified remnants of historical agricultural practices, overgrowing of pastures and abandonment of cultural terraces is characteristic in present time (Pipan & Kokalj, 2017) . The area experienced vigorous political and economic changes during the last two centuries; i.e., the region was part of the Austro-Hungarian Empire, State of Slovenes, Croats and Serbs, Kingdom of Serbs, Croats and Slovenes, Kingdom of Yugoslavia, Third Reich (German occupation), Federal People's Republic of Yugoslavia, Socialist Federal Republic of Yugoslavia, Republic of Slovenia, successively (Borak et al., 2006) . Dynamic historical events make the area an excellent example for studying land use changes. 302/474
Data and methods

Data layers and their preparation
The analysis was based on the following databases: The maps of the Franciscan Cadastre were used as the source of historical land use data ( Figure 2 ). For each cadastral municipality in the Jareninski Potok watershed (municipalities: Vajgen, Jareninski Vrh, Jareninski Dol, Polički Vrh, Šentilj), the corresponding scanned images (200 dpi) of the cadastre were selected. The scale of these maps is 1:2880. They show land use types at the parcel level using both colours and symbols. The land use types represented in our area of interest are: forests, meadows (with and without trees or bushes), pastures (with and without trees or bushes), vineyards, fields, buildings, courtyards and gardens.
The first step consisted of geo-referencing the scanned images of the Franciscan Cadastre (previously merged by municipality), using ground control points evenly distributed and defined by locations or objects easily identifiable (e.g., parcel borders, tripoints). The digitising was then done manually, storing polygons for the parcels of each municipality in a dedicated feature class, included in a geodatabase. Once the digitising was completed, topological rules were defined to check the topology of the polygon layers that were created: the goal was to make sure that there were no gaps within the layers and that none were overlapping. The polygon layers by municipality were then merged in a single layer for the whole watershed, and an additional topology check followed. 
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The land use data for 2018 were provided as land use database by Ministry of Agriculture, Forestry, and Food. This database was established for the whole country in 2002 and has been constantly updated. The main source for the land use database is digitalisation of orthophotos; however, field work and other sources (e.g., farm register data, aerial images, and topography maps) are also included in order to provide correct land use type (Miličić & Udovč, 2012) . The database is available in a digital vector format.
Land Cadastre (with modern parcel polygons) for 2018 was also available in a digital vector format. Therefore, no additional preparation steps for these two data layers were needed.
Laser scanning dataset presenting ground points was available in zLAS format. In order to prepare raster layers of relief features (elevation and slope), the conversion to las dataset and interpolation of point data was necessary. We prepared a digital elevation model with a resolution of 5 m.
Definition of land use categories
There were some differences between land use categorisation in 19 th century and land use categorisation in 21 st century. Therefore, in order to make the land use comparison possible, it was necessary to define a simplified land use categorisation for both years. We strived to make a clear difference between the areas that are vegetated, either with grass, trees, or vines, and the ones without vegetation or built-up. Such differentiation can show a ratio between areas that are capable of higher water retention and prevent land sliding (e.g., vegetated areas) and areas that have less ability of water retention and accelerate land slide occurrence (e.g., built-up areas, fields). Namely, these are one of the main characteristics of the area under consideration. The simplified level for Franciscan Cadastre is presented in Table 1 . When simplifying Franciscan Cadastre, two parcels were not identified and hence classified as "unknown or non-vegetated". (Table 2 ) two categories, "water" and "wetland", appeared. These were not present on the Franciscan Cadastre in the area studied. Hence, we included them in the "unknown or non-vegetated" category. Both categories represent only a small portion of the area (approximately 0.5%). 
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Preparation of contemporary land use data at parcel level
Since the land use data for 2018 was acquired by digitisation of orthophotos and improved with additional sources (including field observation), the level of precision is much higher than the one obtained from digitizing the Franciscan Cadastre. In our case, it might be more relevant to standardise the level of land use detail according to the level available in 1824, that is, the parcel level. Therefore, the land use for 2018 was re-calculated at the (generalised) parcel level, keeping only the most represented land use type for each parcel (Figure 3 ). For example, if vineyard was the prevailing land use at a certain parcel, this land use type (vineyard) was defined to the entire parcel. However, both levels for 2018 are used in the following calculations (comparison with 1824) and can thus be compared in order to follow the second main goal of the paper. 
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Land use analysis
All the land use datasets (land use in 1824 at parcel level; land use in 2018 at detailed level; and land use in 2018 at parcel level) were analysed according to geometrical and geomorphological characteristics.
The first part of geometrical analysis was dedicated to basic land use structure. Area for each class and its proportion were calculated and land use changes between 1824 and 2018 were analysed. More detailed geometrical analysis followed. Landscape metrics (Table 3) were generated using Patch Analyst Software, with shape files of the land use from the 19 th century and 21 st century as inputs. Landscape metrics were computed by class (describing land use configuration) and by landscape (describing land use composition). Geomorphological analysis was made in order to observe general changes in land use in relation to the main relief characteristicslope. The average slope was hence computed by type of land use for both years -1824 and 2018. The analysis was based on 5 m elevation model. Such coarse resolution was chosen due to several reasons. Due to the lack of 19 th century DEM, it was decided to conduct the analysis on coarser model. In this way, terraced and non-terraced areas had more averaged (gentle) slope, which shows the main long-term characteristic of certain hilly area, regardless of the micro characteristics (e.g., terraces, roads …). Additionally, elevation models produced at lower resolutions had a lot of noise (especially in overgrown areas).
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Results and discussion
Analysis of basic structure of land use
The land use structure change from 1824 to 2018 shows similar evolutions when compared at the detailed level as well as compared at the parcel level (Table 4 ; Figure 4 ). Built-up areas (buildings and roads) increased the most (+143% at the detailed level, +116% at the parcel level). Forests and grasslands have also increased (more than +50% for both, at both level of precision), whereas land use types related to an active agricultural use, such as fields and vineyards, have decreased. The most dramatic decline is related to the latter category: the area dedicated to the vineyards has been reduced by 74%. These changes in landscapes can be seen also when comparing land use maps for both years ( Figure 5 ). The vineyards went from representing 21% of the area of the landscape to only about 5%. The number of patches has decreased, and so has the median patch size (Tables 7 and 8 ). Unknown or non-vegetated is not so relevant for this comparison, since in 2018, it includes categories such as water and wetland too, and represents only a small portion of the landscape, between 0.1 and 0.5%.
The built-up areas went from less than 3% of the landscape to more than 6% ( Figure 6 ). Hence, even though they have seen the biggest increase, they remain a weakly represented land use type. It is interesting to note though that, in 2018, they represent a bigger proportion of the landscape than vineyards do. 
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The built-up land use type shows in a way lower number of patches (at both 2018 levels), which could suggest the extension of some areas that in the end form one big patch instead of multiple spread out patches (Tables 7 and 8 ). This could be compatible with the fact that the patch size standard deviation is way higher even though the mean patch size is lower.
Both methods for land use area calculation (detailed and parcel level) provide similar results and therefore are mostly not strongly influenced by the land use data detail level. However, there is an exception. Built-up class data for 2018 are quite different if we calculate areas at the detailed level or at the parcel level. Calculation based at parcel level gives much lower value (approximately 10%) than calculation at detailed level.
Analysis of geomorphometric characteristics of land use changes
It can be observed that the mean slope between 1824 and 2018 increased for the categories builtup, forest, grassland, and individual trees ( Table 5 ). Both field and vineyard land use types have seen a decrease in their mean slope. Forest areas constitute the steepest areas in 2018 whereas in 1824, vineyards had the steepest mean slope. Results of both land use 2018 dataset (detailed and parcel level) are similar. Vineyards in 1824 had a mean slope of almost 21 degrees, and about 2 degrees less in 2018. The ones that were overgrown (replaced with individual trees or forests) have a mean slope of almost 23 degrees. The maximum slope is also reduced, from 50 degrees in 1824 to 47 degrees in 2018 (Table 6 ). Thus, it seems that the vineyards that were abandoned were first and foremost the steepest ones. A potential reason for that seems to be that vineyards on the steepest slopes in the past were enabled by the cultural terraces. Due to non-existence of 19 th century DEM, this cannot be fully confirmed. However, modernisation and especially mechanisation of agriculture after the 2 nd World War definitely led to the abandonment of the terraces because of their inadequacy for modern techniques (e.g., the terraces were too narrow for the new machines). Furthermore, with the improved economy, the labour force became too expensive for manual handling of vineyards (Pipan & Kokalj, 2017) . 
Analysis of landscape metrics
Majority of the metrics between 1824 and 2018 changed at least for more than several tens or even at 100%. The only exception is Area weighted mean patch fractal dimension (AWMPFD), which did not change as much as the others. In this case (AWMPFD), also both levels (detailed and parcel level) do not differ as much as other metrics. 
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We noticed that calculation of landscape metrics and its comparison between 1824 and 2018 at land use class level is highly influenced by the land use database for 2018 (see Tables 7 and 8) . Namely, results based on detailed level and parcel level differ. There were some examples where the calculation based at detail level and parcel level resulted also in the direction of change (positivenegative), e.g., number of patches (in the case of field class), mean patch size (field), total edge (individual trees), area weighted mean shape index (built-up, grassland), and area weighted mean patch fractal dimension (grassland, individual trees, vineyard).
According to the parcel level comparison (Table 8 ; which we regard as more relevant, since the 1824 land use data is based at the parcel level), we noticed that the number of patches diminished and their average size increased for fields and grasslands. On the contrary, forest and individual trees now have more patches with lower average size. This means they are more fragmented. A number of patches with vineyards decreased and the individual size of patches shrunk. Built-up areas have now more patches and also their size increased on average.
Built-up areas and especially forest increased their total edge length. That means that they have smaller patches and/or that patch shapes are very irregular.
Total edge decrease and the smallest increase of mean perimeter-area ratio for fields, individual trees and vineyards show that these patches are less complex. All the values of area weighted mean shape index (AWMSI) are higher than one, confirming that the patches have irregular shapes. Vineyards have the lowest AWMSI. We can assume that only intensely cultivated vineyards with regular shapes are used. The area weighted mean patch fractal dimension (AWMPFD) changed less in comparison to other metrics.
According to the parcel level, analysis of metrics for the entire research area (Table 9) shows a decrease in number of patches (NumP) and total edge (TE), and an increase in mean patch size (MPS), area weighted mean shape index (AWMSI), mean perimeter-area ratio (MPAR) and area weighted mean patch fractal dimension (AWMPFD). This shows that the area is made of less patches, but they are larger and of more complex and irregular shapes than in the past. On the other hand, results that are based on detailed level show an increase in number of patches (NumP) and decrease in mean patch size (MPS). Also, total edge (TE) is higher. This is simply a consequence of more detailed input data (digitized orthophotos) that provide much more details than parcel level.
Shannon's diversity index (SDI) and Shannon's evenness index (SEI) decreased by 2-3% for both 2018 levels (detailed and parcel level), which indicates in modern landscape a lower diversity and equality of distribution of the various land use types. For instance, it appears that in 2018, grasslands constitute an important part of the landscape (about one-third of the total area) whereas in 1824, there were three land use types (field, grassland and vineyard) that each represented around 20-25% of the landscape area.
The comparison between the two levels of precision for 2018 shows little difference (2% or less) on SEI, SDI and AWMPFD. NumP is lower at the parcel level and the MPS is higher, since it was simplified to only keep the most represented land use type for each parcel. MPAR is more than twice higher at the parcel level of detail, which indicates that the patches at the parcel level have a higher amount of areas exposed to edges shared with other types of land use. 
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Land use and its ecological value assessment
The increase of built-up areas has a negative impact on hydrological conditions since it increases the water runoff and causes faster accumulation of water in the lowest parts of the valley, which leads to a higher flood risk in such areas. However, according to the Bystřický et al. (2017) , the increase of forested areas has a positive impact on water retention (e.g., trees increase the evapotranspiration of water). Also, the proportion of fields has diminished and the proportion of grassland has risen. The proportion of land use types such as forest and individual trees (and also grasslands) today is higher than in the 19 th century. These types have denser vegetation cover and can retain water better than fields, which are exposed to soil erosion. Similar observation of landscape transformation was also reported by Pipan & Kokalj (2017) for other parts of the Pannonian Hills in Slovenia. In the past, vineyards were set at the steepest areas, but at present, forests cover the steepest parts of the watershed. Such relationship is also better for soil preservation and water retention.
Methodological issues
Certain issues emerged after conducting the research at two levels (detailed and parcel). As far as proportions of land use types are concerned, it appears there isn't such a big difference between the comparisons with both levels of 2018 (the exception is built-up area). Also, a comparison with other work done on the past structure of the landscape from the tabular part of the Franciscan Cadastre (e.g., Gabrovec & Kumer, 2019) is in agreement with the results obtained in this study.
The main methodological issue that was unveiled during the research is connected with the level of detail of the data used for landscape metrics analysis. Since 19 th century data is only available at the parcel level, we have to take that fact into account when comparing it to the contemporary (highly detailed) data. As already mentioned, we have noticed that the calculation of the structure of land use types provides quite similar results regardless of the level (results for detailed and parcel level were alike), the largest difference was observed for built-up areas. However, results of landscape metrics analysis were highly affected by the input data (results for detailed and parcel level were different). Altogether 49 indices (Tables 7, 8, 9) were calculated and 18 cases differ by the direction(!) 314/474 of change (positive/negative). Therefore, land use comparison between historical and modern situation must be made at the same data level. Some past analysis did not clearly present the level of detail for their research (e.g., Tlapáková et al., 2013; Szturc et al., 2017) . The analysis at the parcel level seems to be more relevant and in our case, it showed that the landscape diversity diminished. In general, modern landscape is made of less patches, but they are larger and of more complex and irregular shapes.
Another issue is related to the geomorphological analysis. Namely, digital elevation model is only available for 21 st century. Therefore, we cannot assume about the exact terrain structure 200 years ago. With currently available spatial data, it is not possible to check, whether a certain place was terraced or not in 19 th century. Therefore, definite conclusion regarding land use change and its connection to the terrain remains open for discussion. For more detailed study, one should also include other non-spatial sources, e.g., drawings, text records, field work.
Conclusion
This paper focused on evaluating the changes in land use for the Jareninski Potok watershed in Slovenske Gorice (NE Slovenia), between 1824 and 2018. Additionally, we assessed two different levels of data precision to analyse land use evolutions.
The first goal was to analyse land use structure and landscape metrics for both historical and contemporary landscape for the area of Jareninski Potok watershed. The overall trend shows that vineyards are the land use type that underwent the most dramatic decline in area, whereas built-up areas have grown the most. Regarding vineyards, it can be suggested that a steeper slope is linked to a higher rate of abandonment. In general, modern landscape is made of less patches, but they are larger and of more complex and irregular shapes. However, the diversity of land uses is lower than in the past. The increase in urbanised areas may have a negative effect according to water retention and flood prevention management, but the increase in forest and individual trees areas may bring a positive impact, allowing better permeability of the soil, vegetation water retention, and diminishing land sliding.
Since the 2018 land use database provides more detailed information than historical (from 1824), we generalised modern data in order to secure more suitable comparison. Thus, all the calculations of modern land use structure and landscape metrics were made twice. It appeared that both datasets (data based on precise digitization from orthophotos and data based on generalisation of data to a parcel level) show similar results when evaluating basic landscape structure (proportions of land use types), but more complex landscape metrics can greatly vary depending on the selected level of precision. We observed that the basic database preparation highly influences this part of the results. Therefore, a landscape metrics comparison of modern and historical land use data based on Franciscan Cadastre must take into account the fact that generalisation to a parcel level is needed.
Since the Franciscan land cadastre is available for several European countries, it would be worth to repeat the study for other areas with different land use data sources and to compare the results with original and generalized data layers. Such studies could provide additional insight into, how modern data are (in)comparable to the historical.
